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Optimal Dialysate Calcium Concentration

Joon Seok Choi, MD

Department of Internal Medicine, Chonnam National University Medical School
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Era of individulization??

= The choice of dialysate calcium concentration has been determined largely by other aspects
of calcium metabolism

peritoneal dialysis should be 2.5 mEq/L (1.25 mmol/L).
(OPINION)

9.2 Higher or lower dialysate calcium levels are indicated
in selected patients. (OPINION)
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4.1.3: In patients with CKD stage 5D, we suggest using a
dialysate calcium concentration between 1.25 and
1.50 mmol/l (2.5 and 3.0 mEq/l) (2D).

= The final vote on this recommendation was 16 in favor and 1 vote against.

= The KDIGO Work Group felt that, in general, a dialysate calcium concentration of
1.25 mmol/l (2.5 mEg/l) would be a near-neutral calcium balance for most patients.

= At present, it is probably wise to maintain flexibility with dialysate calcium

concentrations, which should be il whenever possible, to meet

patient requirements.

Worldwide practice- results from DOPPS

The average dialysate calcium concentration was 2.9 mEq/L

Almost 60% of patients exceeding 2.5 mEq/L

Low dialysate calcium (<2.5 mEqiL) 40.5 % (307/7,629)
Japan 19.8 % (64/2,123)
Europe 23.9 % (101/1,839)
USA 64.1 % (142/3,667)

Young EW et al. Kidney Int 2005; 67: 1179-1187.

Optimal dialysate calcium concentration

| Calcium mass balance

—

Cardiovascular morbidity

F Hemodynamic stability on dialysis

LI

F Mineral bone disorder

Calcium mass balance

Table. Estimated calcium balance in hemodialysis patients

Calcium balance using 3.5 mEq/I Ca** dialysate

Positive Ca flux : +896 mg/4 hr dialysis or +2,688 mg/wk (384 mg/d)
Dietary intake of Ca -800 mg/d|

Fractional absorption -152 mg/d (19%)

Total Ca balance +536 mg/d

Calcium balance using 2.5 mEqg/l Ca** dialysate

Positive Ca flux +150 mg/4 hr dialysis or +450 mg/wk (64 mg/d)
Dietary intake of Ca -800 mg/d|

Fractional absorption -152 mg/d (19%)

Total Ca balance +216 mg/d

Calcium balance using 1.5 mEq/I Ca** dialysate

Positive Ca flux -230 mg/4 hr dialysis or -690 mg/wk (-100 mg/d)
Dietary intake of Ca -800 mg/d|

Fractional absorption -152 mg/d (19%)

Total Ca balance +52 mg/d

Hsu et al. Am J Kidney Dis 1997; 29: 641—649.
Hsu et al. Am j Kidney Dis 1991; 18: 217-224.

Calcium mass balance during hemodialysis
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Bosticardo et al. Nephrol Dial Transplant 2012; 27: 2489-2496.

Higher serum calcium concentration are associated with an increased risk of death

Cardiovascular mortality

Relative Risk of Death

<80 8.0-85 8590 90095 95100 100105 105110 >11.0
Adjusted Serum Calcium Concentration (mg/dL)

Block et al. 1 Am Soc Nephrol 2004; 15: 2208-2218.
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Table. Determinants of variation in arterial stiffness and wave Impact of aortic stiffness in ESRD patients
reflection
Estimates of fixed effects
Estimate (95% confidence interval)  P-value
TABLE 3. Proportional Hazard Regression Analyses of All-Cause and
%A L PWY Cardiovascular Mortality ,
Time (ms) AiCa(mmolL)  0.566 (0.018-1.114) 0043 ~—— T T T
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= LeBeouf et al. Nephrol Dial Transplant 2009; 24: 3788-3794.

Alain et al. Circulation 2001; 103: 987-992.

Dialysate calcium concentration and overall mortality

- results from DOPPS

RR (95% CI) P value

Cardiovascular mortality*

Baseline lab measure All-cause mortality* Risk of new parathyroidectomy®

Phosphorus (per Img/dL) 104 1.09 117
(1021 (105-1.12) (1.09-125)
0.0003 <umm/ <0.0001
Albumin-corrected calcium (per 1 mg/dL) 158
unm.:s) um wn (1.35-1.85)
<0.0001 0.0001
Calcium-phosphorus product (per 5 mg2/dL?) 1.02

L1
(1.10-1.12)
<0.0001

PTH (per 100 pg/mL) 107
(1.05-1.09)
<0.0001

101
(1.00-1.02)
0.04

Dialysate calcium (per 1 mEq/L) 113

057
(1.03-125) (035-0.95)
0.01 0.03

adjusted for PTH, dialysate calcium, and cither calcium and phosphorus as two independent variables or calcium-phosphorus product as one
le.

\d adjusted for a
d adjusted for a

ESRD. h
er. race. duration of ESRD, h

lobin, albumin, KUV, and 14 sumy
lobin, albumin, KUV and prior p:

comorbid conditions.
hyroidectomy

Young EW et al. Kidney Int 2005; 67: 1179-1187.

QTc dispersion increase during HD with low calcium dialysate
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Nappi et al. Kidney int 2000; 57: 2117-2122.

Dialysate Calcium Concentration and the Risk of
Sudden Cardiac Arrest in Hemodialysis Patients

Table 2. Unadjusted and adjusted associations between relevant factors related to calcium homeostasis and risk of sudden cardiac
arrest
Unadjusted OR Adjusted® OR
Parameter i e P Value Gs% c1y PValue
Predialysis corrected serum calcium (per 1 mg/dlincrease) 1.10(1.00-120)  0.05  1.10(1.00-130)  0.05
aly ne: 2.0 (1.40-2.80)  <0.001 _2.00(1.40-290) _<0.001
rum-to-  calcium gradient T40 (1 =0.001 a

Taly:
(per 1 meq/ x increase)

QT medication exposure 120 (1.00-1.50)  0.06  1.00(0.80-1.30)  0.80

*Adjusted for history of coronary artery disease or congestive heart failure; number of years on dialysis; prescription of calcium-
containing vitamin [ ¥

rs; potassium dialys ignment and percent fluid removed during treatment; and serum potas:
mmmm albun\m and hemoglobin values.

m, bicarbonate,

Pun et al. Clin J Am Soc Nephrof 2013; 8: 797-803.

Hemodynamic stability

m High calcium concentrations in
the dialysate improve the
hemodynamic pattern during

dialysis.

= Calcium directly increases

stroke volume.

dialysate [Ca **] 2.5 (W) vs. 3.0 (C]) mEq/L

Gabutti et al. Nephrol Dial Transpiant 2009; 24: 973-981.
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Dialysate calcium profiling during hemodialysis
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Fig. Hourly intradialytic percent changes in systolic blood pressure (5BP), diastolic blood pressure (DBP),
mean arterial pressure (MAP) and cardiac index (Cl). Symbols are: (@) dialysate calcium profiling (dCaP);
(M) low (1.25 mmol/L) dialysate calcium (LdCa); (A) medium (1.5 mmol/L) dialysate calcium (MdCa); (*)
significant difference between dCaP group and both LdCa and MdCa groups. Data points represent mean
values SEM. (Study A N 18).

Glotsos et al. Kidney int 2002; 61: 276-287.

Mineral bone disorder

Table. Effect of dialysate calcium concentration on PTH and calcium balance during HD

Parameter tCa = 25 mEQ/L. 1Ca = 2.75 mEQ/L tCa = 3.0 mEq/L. ”
Treatment time (min) 2570+08 2572+08 2570+ 08
Body weight pre (kg) 795+ 19.8 79.9 =205 79.4 = 200
Body weight post (kg) 764+ 19.4 76.9 =202 762+ 196
Volume of ultrafitration (L) 3110 30+08 3207
Plasma total protein pre (g/dL) 6008 61£07 6108
Plasma total protein post (@/dL) 7207 72+06 72207
Blood pH pre 7.7 £ 0.05 7.37 =004 7.37 004
Blood pH post 7.47 + 008 7.46 003 7.47 £ 0.05
Blood bicarbonate pre (MEQ/L) 20220 200+ 16 20320
Blood bicarbonate post (MEQ/L) 246+13 253+15 24418
Plasma water iCa pre (MEQ/L) 248012 250+0.14 252010
Plasma water ICa post (MEQ/L) 2.40+0.08 256° 012 2.66°¢ = 0.10
iCa mass balance (mg) +97 + 128 +187° = 146 +326°° + 253
1Ca mass balance (mg) +75 = 122 +182° + 125 +293°° + 228
Plasma PTH pre (pg/mL) 468 = 418 569 = 675 578 + 452
Plasma PTH post (pg/mL) 692 = 678 490 = 514 479 = 550
A Plasma PTH (post — pre) (pg/mL) +225 + 312 —68 = 325° —09 + 432°
A Plasma PTH (post —pre) (%) +47 30 129" 17+ 15

Basile et al. Am J Kidney Dis 2011; 59: 92-101.

Improvement of bone and mineral parameters related to adynamic

bone di by diminishing dialy

= To compare the effects of 2.5 mEq/L and 3.5 mEq/L calcium dialysate on mineral bone disorder

= 52 patients with predialysis intact PTH <100 pg/ml

Pre HD parameter unit LCD

Baseline 3 months 6 months 3 months
1Ca Pre HD 2324019 2392019 19*
Corrected (Ca Pre HD 250102 21
tCa Post HD. 2482020"

Corrected (Ca Post HD. 2592023

1072009

2C0;
iPTH pg/mi*

TAP U

BAP UI*

Abbreviations: iPTH: intact parathyroid hormone; TAP: total alkaline phosphatase; BAP: bone alkaline phosphatase. *Reference values in subjects with normal renal
function: iPTH 1065 pg/ml: TAP 11-85 Uk BAP (at 30 °C) 441 U/L

* Each significant alteration mentioned s such implics a significant ANOVA as well. <0.05 vs. baseline. 'p<0.05 vs. 3 months. p<0.0 vs. LCD group.

Spasovski et al. Bone 2007; 41: 698-703.

Lower dialysate calcium concentration (2.5 — 3.0 mEq/L)

Advantage
Useful to achieve neutral calcium balance
Reduces risk of cardivascular morbidity

Improve bone turnover and increase PTH

Disadvantage

Intra-dailytic hypotension
Increase risk of arrythmia

Potential for negative calcium balance and PTH stimulation

Higher dialysate calcium concentration (3.0 — 3.5 mEq/L)

Advantage
Improve hemodynamic stability
Suppression of PTH
Disadvantage
Increase risk of cardiovascular morbidity
Limited use of vitamin D and calcium based binders

Risk of hypercalcemia

Should dialysate calcium concentration be

standardised or individualised?

92 —




2013 Chghildetsl A332r FAst=stg

Variable factors relating to calcium load

Ca** based
phosphate binder

Non-Ca** based Non-calcemic Vit D

phosphate binder

Calcium balance

M Mineral bone disorder
- high bone turnover

-low bone turnover
Dialysate Ca++
concentration

Calcium absorption between dialysis
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There is wide range of absorption primarily dependent on the level of vitamin
D analogue dosing

Gotch et al. Blood purif 2010; 29: 163-176.

Calcium absorption between dialysis

Calcium absorption between dialysis
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Gotch et al. Blood purif 2010; 29: 163-176. Gotch et al. Blood purif 2010; 29: 163-176.
Dialysate calcium individualization oof-
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Jean et al. Nephrol Dial Transpiant 2013; 28: 176-182.

bone turnover markers can help

improve bone mineral abnormalities.

Jean et al. Nephrol Dial Transplant 2013; 28: 176-182.
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4.1.3: In patients with CKD stage 5D, we suggest using a
dialysate calcium concentration between 1.25 and
1.50 mmol/l (2.5 and 3.0 mEq/l) (2D).

= The final vote on this recommendation was 16 in favor and 1 vote against.
= The KDIGO Work Group felt that, in general, a dialysate calcium concentration of
1.25 mmol/l (2.5 mEg/l) would be a near-neutral calcium balance for most patients.

= At_present.

it is probably wise to maintain flexibility with

concentrations, which should be individualized, whenever possible, to meet
specific patient requirements.

Summary

A dialysate Ca** 2.5 to 3.0 mEq/L is often the most appropriate for HD patients.

I dial: calcium

Optimal
- calcium mass balance, cardiovascular morbidity

-mineral bone di »h oy during dialysis

Variable factors influencing calcium load

-vitamin Dvs. I icvitamin D I

- calcium based phosphate binder vs. non-calcium based phosphate binder

- calcimimetic

Maintain flexibility with dialy calcium -ations, which should be
individualized, to meet specific patient requirements.
1) The negative dialysis Ca balance is countered by the oral administration of Ca-
based phosphate binders and the use of vitamin D analogues
2) The use of Ca-free phosphate binders, noncalcemic vitamin D analogues and

calcimimetics allows for higher dialysate Ca baths.
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